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Iopromide and gadolinium sulfate solutions were introduced 
into standard Fricke dosimeter solution for final 
concentrations of iodine from 2.5 mg I/ml to 50 mg I/ml and 
gadolinium from 5 mg Gd/ml to 10 mg Gd/ml. Detection of 
iron (III) ions was performed with spectrophotometer Varian 
Cary 50. For measurement of iron (III) ions concentration in 
the presence of iopromide ammonium tiocianate (Panreac) 
was used as an indicator because optical spectrum of 
iopromide interfere with optical spectrum of iron (III) ions. 
Irradiation of Fricke solutions was performed with 110 kVp X-
rays through 3.5 mm Al filter at 0.7 Gy/min dose rate. 
 
Results: Dose enhancement in presence of iodine and 
gadolinium was expressed as dose enhancement factor (DEF), 
which is the ratio of absorbed dose value in Fricke water 
solution containing iodine or gadolinium and in pure Fricke 
water solution. Measured DEF values and corresponded iodine 
and gadolinium concentrations are presented in Table. 
 
  
Dose enhancement is proportional to concentration of the 
element used. DEF value for iodine varies from 1.2±0.1 to 
4.8±0.5 for concentration of iodine from 2.5 mg I/ml to 50 
mg I/ml respectively. 
 
Conclusion: A new approach for measuring dose 
enhancement in CERT was proposed. This method can be 
used as a routing procedure in experimental and clinical 
practice of CERT dose measurements.  
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Purpose or Objective: The Advanced Markus ionization 
chamber from PTW (PTW-Freiburg GmbH, Freiburg, Germany) 
saturates at high dose rates (Ḋ) and/or at a high dose-per-
pulse (DPP). According to PTW, the ion collection efficiency 
is ≥ 99% at continuous Ḋ < 375 Gy/s and at DPP < 5.56 mGy. 
At a source-to-surface distance (SSD) of 50 cm, our prototype 
linac produces a mean Ḋ of ≈ 500 Gy/s, an instantaneous Ḋ of 
≈ 2.5 MGy/s, and a DPP of ≈ 5 Gy (far above the chamber 
datasheet range). In order to use the Advanced Markus 
chamber for determining the absorbed dose in these intense 
radiation conditions, we needed to establish a model of its 
saturation as the Ḋ/DPP increases. 
 
Material and Methods: Two independent methods were used 
to determine the chamber saturation curve. 1) Measurements 
in a water phantom at different Ḋ/DPP by varying the SSD 
and the linac gun grid tension (pulse amplitude). The 
hypothesis was that if the linac output varies with grid 
tension in a reproducible way and if the grid tension was 
varied by the same factor for every SSD then the relative 
change in chamber response with grid tension should be the 
same for all SSD if not for the chamber saturation. 2) 
Simultaneous measurements of chamber and Ḋ/DPP 
independent radiochromic film (Gafchromic™ EBT3, Ashland 
Inc., Covington, USA), in a solid water phantom (RW3 slabs, 
PTW) at various Ḋ/DPP.  
 
Results: The results show how the chamber saturation 
increases (the ion collection efficiency decreases) as the DPP 
increases (Figure). These results also show that the chamber 
saturation is much more dependent on the DPP than the 
instantaneous Ḋ, as the ion collection efficiency curves for 
the different pulse widths (= DPP/instantaneous Ḋ) are only 
slightly separated when plotted against DPP.  
A mathematical model of the saturation curves was 
established by fitting a logistic function (dependent on DPP) 
to the data points: 
 
 
Where ks is the saturation (ion recombination) correction 
factor and where a takes a slightly different value for 
different instantaneous Ḋ (a = 0.197, 0.192, and 0.184 for 
pulse widths of 0.5, 1.0, and 1.8 μs, respectively).  
 
 
 
Results from subsequent dose measurements at various 
Ḋ/DPP verified that chamber dose values (corrected by the 
saturation model) were compatible with film and TLD dose 
values. 
 
Conclusion: We present a saturation model for the Advanced 
Markus ionization chamber, which was based on dose 
measurements performed in a water phantom as well as 
simultaneous film and chamber measurements in a solid 
water phantom, at various Ḋ/DPP. Chamber dose 
measurements corrected by the saturation model were 
compared to independent film and TLD dose measurements. 
These measurements verified that the Advanced Markus 
ionization chamber does not completely saturate up to DPP 
values of 10 Gy and can consequently be used for accurate 
dose measurements (within 5%) in ultra high Ḋ/DPP 
irradiation conditions, if the chamber saturation model is 
applied. 
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